Abstract: Approximately 80 percent of the 22 million people in Northeastern Thailand are engaged in agriculture, and the per capita income of the region is lower than in any other part of Thailand. The major constraint to crop production is rainfall. Although the region has an average annual rainfall greater than 1200 mm, the seasonal distribution of rainfall makes for challenging agricultural cultivation opportunities. The climate is characterized by rainy (May-October) and dry (November-April) seasons. Most (90%) farming is cultivated under rainfed conditions. In addition, most soils are characterized by a sandy texture, high acidity, low organic matter, low level of plant nutrients and low water holding capacity. Due to these conditions, and an increasingly unpredictable climate horizon, cassava has come to play an important economic role for smallholder farmers in the region. The inherent tolerance of cassava to stressful environments, requires minimal care, less investment, and provides greater flexibility in planting and harvesting. Although cassava is grown as a monoculture crop, it can also be grown profitably as a second crop in rice-based cropping systems without supplemental irrigation during the dry season, as well as intercropped in rubber plantations at early growth stages. Given the importance of cassava in farmer income, export values, marketing, and labor, this paper discusses the broader socio-economic and biophysical aspects of cassava due to its important role in future agrarian change for the region.
Introduction
Thailand is divided into four regions (Northern, Northeastern, Central Plain and the Southern region) and in each region agriculture is the main occupation. It plays an important role in the economic development of the country. The Northeastern region consists of one-third of the total population (22 millions) and approximately one-third of the total land area (17 million hectares) of the whole country (Department of Provincial Administration, 2016). However, household income in the Northeast is the lowest (US$ 7, 194) while the Central Plain is the highest (US$ 14,504) (Office of Agricultural Economics, 2017) . This gap is largely due to the region being drier than that of other regions, thus providing less agricultural opportunities. Furthermore, irrigated areas is available for only 18% of the whole region (Royal Irrigation Department, 2008) . Most of the soils are infertile and have poor moisture retention capacity (Noble, 2005) .
The purpose of this research is to examine the description of the general topography, climate and soil of Northeastern Thailand. Special attention is devoted to cassava production trends, crop adaptation to drought stress, low input production and some economic performance such as labor, income and marketing in order to provide a synopsis of the role of cassava for smallholder farmers in Northeastern Thailand. These findings highlight that cassava will continue to play an important role in future agricultural systems of the region.
Physical conditions in the Northeastern Region

Topography
The landscape is predominantly characterized by a gently sloping to undulating landform. Upland areas located in the top of sloping, while the lowland area presented in the bottom of sloping. Main crops grown in the upland areas are cassava, sugarcane, and maize. The lowland areas generally have alluvial soils that are suitable for rice cultivation. About 750,503 ha of the upland areas is devoted to cassava (Office of Agricultural Economics, 2018). In general, cassava is suitable to cultivation in a gently sloping landform. Cassava has been grown for many years as an insurance crop for many of the smallholder farmers of the rural population in Northeastern Thailand, and this increasingly true under more recent variability with global warming. Since, cassava is particularly well adapted to drought. However, some farmers have also elected to switch their cassava crops to focus on rubber tree plantations in the last ten years, due to rubber tree provided higher cash income than that of cassava.
Climate
Northeastern Thailand has a semi-humid tropical climate which is characterized by rainy (May-October) and dry (November-April) seasons (Goto et al., 2008) . There is a distinct rainy season from May to October that exhibits a bimodal pattern with a first peak in May to June and the second in July to October (Polthanee, 1990) . Average annual rainfall varies from 1,200 mm to 1,500 mm, based on isohytes (Lacombe et al. 2017) . The critical climatic factor affecting agriculture however, is the extreme variability of rainfall both within a year and between years, rather than the total amount of rainfall.
The year can be divided into three seasons. This includes the rainy season that begins in May and ends in October. The winter season that starts in November through January, and the dry season that begins from February to the end of April. Climate is the primary factor for agricultural production. Due to climate changes in the past decade, the beginning of rainy season has experienced increased variability (Atichart et al., 2013) . Mean annual rainfall increased 66 mm when comparing the periods -1996 (Polthanee and Promkhambut, 2014 . Changes in temperature also increased between the maximum and minimums in Northeastern Thailand as has been reported by Polthanee and Promkhambut (2014) . The mean maximum temperature increased in the rainy season (0.25 o C) and winter season (0.89 o C), and the mean minimum temperature in the rainy season also increased (0.33 o C), as well as the winter season (1.33 o C) when comparing the periods between -1996 (Polthanee and Promkhambut, 2014 . These climatic changes resulted in greater risk for farming ventures in recent year due to the increased temperature and highly variable rainfall pattern.
Soil
Northeastern Thailand soil consist of nine sub-orders: Usterts, Aquepts, Tropepts, Ustolis, Aqualfs, Aquults, Ustults and Udults (Survey Division, 1996) . Ustults area is the largest and mainly used for field crops. Aquults areas is flat and mainly used for paddy rice (Tongpoonpol et al., 2012) . The soil texture is characterized by sandy or sandy loam to sandy clay loam with low organic matter content, low cation exchange capacity, low level of plant nutrients and acid reaction (Idhipong et al., 2012) . In general, cassava provides a higher yield on light loams (Wilson, 1997) . However, cassava is extremely tolerant to acid soil, growing well even at a pH as low as 4.2-4.5 and at 75-80% Al saturation (Howeler, 2002) .
Cassava in Northeastern
Cassava production trends
Cassava planted areas vary year by year depending heavily on favorable cassava prices compared to those of competing crops, especially sugarcane. However, cassava planted areas in Northeastern Thailand was stable at around 739,000 hectares since 2015 (Figure 1 
Cassava as an insurance crop
Sugarcane provides higher cash income than cassava. The farmers who grow sugarcane must receive a certain quota of planting areas from the factory. Sugarcane will be harvested for sale only during the period of sugar factory operation. For cassava, farmers are able to harvest and sell any time during the year and it is increasingly becoming an important source of cash income for smallholder farmers. As noted in the biophysical sections above, cassava is a drought tolerant crop and has a great ability to survive under uncertain rainfall patterns (Cock, 1985; El-sharkawy, 1993 ). In addition, cassava is tolerant to acidic soil conditions and it can grow on poor soils (FAO, 2010; De Tafur et al., 1997) .
Cassava requires minimal care and less investment
In general, cassava production is not seriously affected by insect and diseases damage in Northeastern Thailand. However, pests can cause yield losses if the crop is not adequately weeded during the early stages of plant growth, especially near the cassava planting date in the late rainy season. Weed competition can be reduced by planting in the late rainy season when weed growth is less vigorous. Therefore, most farmers switched from planting in the early rainy season to the late rainy season to solve the weed problem. In general, one hand weeding done at one month after planting is recommended for weed control before canopy closure.
Planting material is one of the advantageous aspects of reducing production cost. Cassava is normally planted using stem cuttings, also called "stakes". The stems are cut when the mother plant is 8-12 months old. In general, farmers use stem cuttings from their fields after harvest in the previous season as planting material.
The long stem cutting storability of cassava before planting
After cassava harvest, farmers keep the stem by placing it under the shade of a tree and wait for long periods of time before having to plant. Cassava stems, even when stored for longer than 2-3 months, can help to wait for conditions of sufficient rainfall and soil moisture. The cutting stems (15-20 cm) had little effect on germination percentage and sprouting rate. Polthanee (2018) found that stems placed under a tree for 2 months retain stake moisture (50-55%) and still produced high germination percentage (83-100%), depending on cassava cultivars. Furthermore, cassava cutting stems from mother plants stored for 3 months experienced stake moisture reduction of 40-47% at planting and decreased germination percentage (50-67%), depending on cassava cultivars. Due to the capability of stem cuttings from mother plants to store for longer time with little effect on germination percentage, farmers can wait for adequate soil moisture conditions for planting in the event of delays in rainfall conditions in the upcoming season (see Figure 2 )". 
Low investment of improving cassava stakes viability
As described previously, the cassava stem cuttings from mother plants stored for 3 months retain stake moisture of 40-47% and experience a reduced germination percentage by 50-67%. These rates can also further be improved by soaking stakes before planting. Polthanee (2008) observed that stakes were soaked in water or 10 gm of urea diluted in 5 liters of water for 1 hour and resulted in improved germination percentages from 50-67% to 90-100%, depending on cultivars. The stakes that received sufficient carbohydrate enables plants to retain vigor for a longer period even under adverse conditions like drought (Nedunchezhiyan et al., 2006) Polthanee and Bamrungrai (2016) The stakes viability can be improved by soaking in chitosan (10 cc diluted in 10 liters of water) for enhancing shoot and root growth at early growth stages (Table 1 ). This was due to chitosan induced photochemical process of the plant and result in more vigorous growth (Reddy et al., 1999) . Cassava stakes germination practices and early growth conditions also influence nutritional content. Polthanee and Manuta (2015) studied the effect of nutrition content of stakes on early growth of cassava. They reported that high nutritional content (total N=0.386%, total P= 0.110%, total K=2.648%) provided for higher plant growth rates than those of low nutritional content (total N=0.274%, total P= 0.091%, total K=1.115%) ( Table 2) . Similar findings were reported by Molina and El-Sharkawy (1995) . Polthanee and Manuta (2015) 
Cassava as a drought-tolerant crop
In general, cassava can withstand significant periods of drought stress. Mechanisms of drought tolerance in cassava have been identified such as partial stomatal closure to reduce transpiration (El-shaarkawy and dock, 1984; Alves and Setter, 2000) , reduction in leaf canopy (Connor and Cock, 1981; Ike and Thurtell, 1981, Polthanee et al., 2016a) and extensive root systems (El-sharkawy, 2007) . Farmers normally practice two planting times under rainfed conditions in Northeast Thailand. Cassava planting in the early rainy season will be exposed to prolonged drought at late growth stages, while planting during the late rainy season will be subjected to drought at an early growth stage.
Climate conditions in the Northeast as detailed above are characterized by rainy (MayOctober) and dry (November-April) seasons. Cassava is harvested at 8-12 months. Polthanee et al. (2016) studied growth and yield of different cassava cultivars grown in the early rainy season under rainfed conditions. They reported that cassava cultivars had a significant effect on tuber yield. The maximum tuber yield was obtained in Rayong-7 cultivars, but did not experience a significant difference with Rayong-72 and Huaybong-80 cultivars (Table 3 ). This indicates that the three cultivars adapted to water stress at late growth stages better than Rayong-11 cultivar. Polthanee and Wongpichet (2017) studied the effect of planting methods and cassava varieties on tuber yield and starch content of cassava grown in the late rainy season under rainfed conditions. They stated that vertical planting methods (stakes inserted vertically into the soil on top of ridges) gave significantly higher tuber yields than those of stakes planted horizontally (making a long furrow on top of ridges and laying the stakes down and covering with soil) ( Table 4 ). The Rayong-7 variety gave the highest tuber yield but without significant differences in comparison to Rayong-11, Huagbong-80 and E-dum varieties (Table 4) . Cassava is regarded as a relatively drought-tolerant crop as it reduces water use by following leaf area reduction and stomatal closure. However, water stress causes yield reduction, especially water stress during early growth stages. Polthanee and Srisutham (2017) studied supplementary irrigation for cassava planted in the late rainy season of Northeast Thailand. They reported that all supplementary irrigation water regimes (based on daily cumulative pan evaporation) increased the leaf area index and tuber yield of cassava versus no-irrigation (control) during the dry season (Table  5 ). This indicates that supplementary irrigation to the crop during the dry season can be attained leaf area index higher than that of no-irrigation which the crop experienced to water stress during the early growth stage. 
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Huaybong In addition, Polthanee and Srisutham (2018) studied supplementary irrigation at different time (saving water), during the dry season for cassava planted in the late rainy season when the crop experienced to water stress during the early growth stage. They reported that supplementary irrigation water (based on daily cumulative pan evaporation value reached 40 mm the crop received 15 mm of water) from planting to 2 months after planting (MAP) or from 3 to 4 MAP significantly increased stem weight, leaf weight, root yield and starch content versus no-irrigation (control) during the dry season (Table 6 ). 
Cassava a minor crop for additional farm income
Cassava is generally found to be more resilient under harsher climatic conditions than other crops. Therefore, farmers cultivated cassava profitably as a second crop (rice-cassava) and intercrop (rubber+cassava) under rainfed conditions in Northeast Thailand.
Rice is the major crop of farmers in Northeast Thailand. In general, farmers cultivate only once a year in the region, during times when the rainy season allows for its cultivation as a monoculture. During the dry season these rice field areas are used as cassava cultivation. Cassava is a drought-tolerant crop that can be grown after rice by 6-7 months harvest using residual soil moisture and early rainfall in the rainy season (Table 7) . Therefore, the farmers earn additional farm income by growing cassava after rice instead of leaving the paddy fields to fallow in the dry season. Polthanee et al. (2014b) studied cassava cultivars suitable for growing after rice in rainfed lowland areas. They reported that Rayong-7 cultivar produced the maximum fresh storage root yield, while the Rayong-72 gave the highest dry root yield (Table 8) . Figure 7 . Cassava grown after rice without irrigation in dry season Rubber has a long time lag of about 6-7 years to provide farm income before tapping. Some farmers intercropped rubber with cassava during the immature phase of rubber. Polthanee et al. (2016b) reported that storage root yields obtained 24 t/ha by crops sampled in the 4 th year of intercropping cassava with rubber in the farmer field, and providing cash income about 763 US$/ha/year. Moreover, Polthanee and Promsena (2010) studied different cash crops including cassava intercropped in rubber plantations. They found that cassava intercropping generated an average net income over materials cost and variables cost (material cost + labour cost) at about 714 and 391 US$/ha (Table 9 ). 
Land and labor
Most cassava farmers in Northeast Thailand are ethnically Thai, have their own land and land certificates. The average cassava cultivating area was about 2.46 ha, with an average farm labor of 2.87 persons (Ketkaewliang et al., 2015) .
The Northeast Thailand landscape is predominantly of an undulating landform, which is divided into three types of land, namely upland field, upper paddy field and lower paddy field. In general, household labor cultivates crops grown under three types of land during a given year. Cassava is cultivated in upland fields while rice is grown in the paddy fields. Rice is a major crop of the smallholder farmers in Northeast Thailand. It plays an important role of food for home consumption, and the excess yield is sold for additional income. The first labor priority is allocated for rice production. In fact, cassava planting and harvesting time coincides with seasonal farm labor distribution and strategically does not overlap with rice cultivation (Figure 11 ). Figure 11 . Seasonal distribution of labor for a farmer cultivating small plots on upland, lower paddy and upper paddy fields
Case study of investment and income
The profitability of cassava production in Namyuen district, Ubonratchatani province, Northeast Thailand is calculated based on primary yield and production cost/income price data collected during individual farmer interviews. This helps to provide a comparison between traditional farmer practices and improving practices through drip irrigation that is recommended by the researcher and shown in more detail in Table 10 . Prawanne (2015) The net income of traditional practices averaged 1,298 US$/ha, while the net income of improving practices averaged 1,486 US$/ha. Therefore, improving practices through drip irrigation increased net income over traditional practices 188 US$/ha (15%). Farmer in Nakornratchasima province practiced supplementary drip irrigation and earned a net income that averaged around 2,172 US$/ha (Bannalai, 2016) . However, farmers who adopted drip irrigation for supplementary water in the dry season were located in areas that could access underground water by pumping from tube wells.
Marketing
In general, cassava farmers sold their output immediately after harvest. Individual small farmers transport the tuber root product to cassava merchants who give a high price of tuber root located nearby their farm. The cassava price varies year to year (Table 11) , depending on demand of the main trade partner from China. Moreover, Vietnam sold tapioca products at a lower price than that of Thailand also affecting price competitiveness and demand. Source: Adapted from Office of Agricultural Economics (2018) Figure 12 . The tuber roots were loaded from farmer's cassava field to merchant for sell
Major markets for tapioca products are mostly in Asia. Tapioca chips export to China. Tapioca pellets export to Turkey and Japan. Tapioca starch exports to China, Indonesia, Taiwan and Malaysia. Modified starch exports to Japan, China, Indonesia and South Korea (Office of Agricultural Economics, 2018). The domestic demand of cassava is approximately 20 percent while 80 percent is for export. Cassava export values by year in Thailand is shown in Table 12 . Cassava serves as an economic and social link. In general, there are twelve ceremonies practicing by the rural peoples every month in a year ( Figure 13 ). These ceremonies can be divided into four purposes.
(1) requesting the rainfall for coming on the right time, (2) requesting for good farm production, (3) requesting the happiness for those family members who have died and (4) enjoying entertaining after working hard. As mentioned above, farmers prefer to plant cassava two times per year (early and late rainy season), to increase income. Cassava is harvested at the end of the dry season (March -April) providing cash to buy inputs such as chemical fertilizer for rice production. The second cassava harvest in the late rainy season (October -November), provides materials for ceremonies such as Bun Khaogam, Bun Koonlan and New year.
Jan Figure 13 . Annual calendar of family and village festival in Northeastern Thailand
Conclusion
A review of the literature on the role of cassava for smallholder farmers in Northeastern Thailand reveals that cassava will continue to be a suitable crop for cultivation in Northeast Thailand. The reasons are that the crop is better adapted to soil and climate characteristics of the region. In addition, cassava requires minimal care and less investment and crop response provides satisfactory yield. Breeding and selection is based on short growth duration variety and should be realized in the future for cropping intensification. Improving practices through supplementary drip irrigation can increase potential opportunities for cassava income in comparison with traditional practices that only receive rainfed conditions. However, although farmers can earn greater income from improving cassava practices it may still be unable to cover household living expenses for the whole year. At present, most of the farmers receive a total household income of about 60% from non-farm work income and the remaining 40% from farming. Therefore, although most farmers in the Northeastern region must seek income from migration in larger urban centers, this paper has shown that cassava plays an important role for supplemental income, especially at key times of the year. The important role that cassava plays in Northeastern Thailand is likely to continue in the future.
